ABSTRACT An arrest in egg laying associated with a polycystic ovarian follicle syndrome (PCOF) has been recently reported early in the egg production period in turkey hens photostimulated at 30 wk of age (WOA) with continuous light. When autopsied 2 to 3 wk after laying ceased, the ovaries of PCOF hens contained an increased number of mature size (F 1 ) yolky follicles in comparison with normally laying hens plus several larger cystic follicles, while their oviducts were equal in weight to oviducts of hens laying normally. Four experiments were conducted to examine effects of age at photostimulation and photoperiod [14L:10D (14L) or continuous lighting 24L:0D (24L)] on the incidence of the PCOF syndrome. Turkey hens of the egg line were given short-day photostimulation of 6L:18D at 16 WOA and then photostimulated with either 14L or 24L at various ages between 26 to 70 WOA. Egg production was followed for 6 to 8 wk,
INTRODUCTION
Egg production is initiated in photosensitive turkey hens about 2 to 4 wk after photostimulation with longday (>13 h/d) diurnal lighting (Woodard et al., 1974; Hocking, 1992a , Yang et al., 1999 or continuous light (Liu et al., 2001a,b,c) . Photostimulation of commercial-type turkey hens at relatively early ages (<30 wk of age; WOA) usually has a negative effect on reproductive performance, including delayed onset of sexual maturity after photostimulation, decreased egg and yolk weight, decreased rate of egg production, and decreased hatachability (Siopes, 1992; Applegate and Lilburn, 1998) . Photostimulation at 24 WOA is also associated with an increased number of hierarchical yolky follicles (Hocking To whom correspondence should be addressed: bacon.2@osu.edu.
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and hens that stopped laying eggs during this period were autopsied 2 to 3 wk later to determine presence and incidence of the PCOF syndrome. At 26 WOA, the PCOF incidence was 80% with 24L lighting and 31% with 14L lighting (P = 0.006). At 28 WOA, the PCOF incidence was 56% with 24L lighting and 25% with 14L lighting (P = 0.072). At 31, 34, and 41 WOA, there were no differences (P ≥ 0.10) in incidence of the PCOF syndrome between the 24L and 14L treatments. Within the 24L treatment, the PCOF incidence at 26 and 28 WOA (80 and 56%) were greater than at 31 WOA and older ages (≤ 20%; P ≤ 0.025). Within the 14L lighting treatment, the PCOF incidence was not different among ages (26 WOA, 31% to 48 WOA, 0%; P ≥ 0.05). It was concluded that the incidence of the PCOF syndrome is greater when photosensitive Egg line turkey hens are photostimulated at relatively young ages (less than 31WOA) and with 24L in comparison to 14L lighting. et al., 1988 , 1992 Hocking 1992a,b) , increased incidence of multiple and internal ovulations, and increased incidence of more than one egg in the shell gland at a time, all of which contribute to decreased reproductive efficiency when young turkey hens are photostimulated before about 30 WOA (Bacon et al., 1972; Nestor et al., 1980; Renema et al., 1995 Renema et al., , 1997 Melnychuk et al., 1997; Liu et al., 2001c) .
The egg line of turkey hens has been selected solely for increased egg production for more than 40 generations and is unique for its high rate of egg production (Nestor et al., 1996) . During selection of the egg line, immature hens were exposed to a short-day photoperiod (6L:18D) from 16 to approximately 44 WOA, when they were photostimulated with a long-day photoperiod of 14L:10D. Under these conditions, egg production starts about 3 wk after photostimulation, peaks at about 85% (Liu et al., 2001c) , then has a period of persistently high egg producAbbreviation Key: 14L = 14L:10D; 24L = continuous lighting; PCOF = polycystic ovarian follicle; POF = polyovarian follicle; WOA = week of age. tion of about 16 wk before starting to decline by about 1% weekly until 38 wk of egg production. Very few (<1%) of the egg line turkey hens that initiate egg production under the conditions used during selection undergo an arrest in egg laying during the first 4 to 6 wk of egg production (Liu et al., 2001b) .
A polyovarian follicle (POF) and polycystic ovarian follicle (PCOF) syndrome associated with an arrest in egg laying has recently been described in Egg line turkey hens (Liu et al., 2001b) . In this report, photosensitive egg line turkey hens were photostimulated with constant light at 30 wk of age, which is 14 wk earlier than normally practiced for the egg line turkey hens (Liu et al., 2001b) . Hens were grouped into 3 different classes, based on laying history and the types of follicles present in the ovary at autopsy. Laying hens were those with a normal laying history that had only Type I ovarian follicles at autopsy while still laying. Arrested laying POF hens were those that had ceased laying for 2 to 3 wk and that had Types I and II ovarian follicles at autopsy. Arrested laying PCOF hens were those that had ceased laying for 2 to 3 wk and that had Types I, II, and III ovarian follicles at autopsy. Type I follicles were turgid, contained only viscous yellow yolk, were yellow in color, and were arranged in a hierarchy by weight between 1.0 g to the mature follicle weight (estimated by yolk weight of laid eggs) for that hen. Type II follicles were turgid, contained only viscous yellow yolk, were yellow in color, and were all of about the same weight, which was slightly heavier than the largest Type I follicle for that hen. Type III follicles were turgid, contained viscous yellow yolk interspersed with less viscous whitish fluid, were whitish in color, and were heavier in weight than Type II follicles. When Type III follicles were punctured, the contents appeared to be normal yellow yolk interspersed with a blood plasma like fluid. Atretic follicles were flaccid and leaking contents through the follicle wall, contained viscous apparently undiluted yellow yolk to less viscous apparently diluted yellow yolk, were often reddish-brown, and were of various weights up to those of Type II follicles. The oviducts of the POF and PCOF hens were similar in weight to those of normal laying hens (Liu et al., 2001b) . In the study of Liu et al. (2001b) , hens were not only photostimulated at 30 WOA, 14 wk younger than normal during selection, but were also photostimulated with continuous light, a lighting program not normally used in commercial practice or for the Egg line turkey hens during selection.
A series of experiments was conducted to study the effects of age at photostimulation and photostimulation with continuous or diurnal lighting on the incidence of arrested laying associated with the POF-PCOF syndrome using Egg line turkey hens. It was hypothesized that turkey hens of the Egg line photostimulated with continuous lighting would have a higher incidence of the POF-PCOF syndrome than hens photostimulated with long-day diurnal lighting. We also hypothesized that turkey hens of the Egg line photostimulated at relatively young ages would have a higher incidence of the POF-PCOF syndrome than hens photostimulated at relatively old ages.
MATERIALS AND METHODS

Birds and Measurements
Turkey hens of the egg line (Nestor et al., 1996) were exposed to short-day lighting of 6L:18D at 16 wk of age to induce photosensitivity and to delay puberty. At various ages, hens were placed in individual cages (60 × 60 × 80 cm) bedded with wood shavings (Liu et al., 2001b) and located within light tight rooms. Light intensity in these rooms varied from 20 to 100 lx from the bottom tier inside the cages to the top tier outside the cages. At caging, the hens were photostimulated with 14L:10D (14L) diurnal lighting or 24L:0D (24L) continuous lighting. The hens were fed according to the schedule described by Nestor et al. (1997) .
The hens were checked daily for the presence of first eggs. After the appearance of the first egg, all hens were checked daily for laid eggs and digitally palpated for the presence of uterine eggs. Eggs were stored at 4°C until processed, within 1 wk of laying, to measure yolk weight.
When egg production had stopped for 2 to 3 wk, hens were killed, and morphological measurements were taken, including: 1) body weight; 2) weight of ovary without yolky follicles; 3) classification of follicles into Type I, II, III, or atretic classes; 4) weight of each follicle > 1.0 g; 5) presence of ruptured follicular structures; and 6) weight of the oviduct. Hens classified as presenting with the PCO-PCOF syndrome fit the following criteria: a) no eggs had been laid for the 2 to 3 wk prior to autopsy, b) no ruptured follicular structures were present in the ovary, c) the weight of the oviduct was normal for laying hens of the egg line, and d) presence of 5 or more Type II and Type III ovarian follicles in the ovary. Each age group of hens was terminated after 6 to 8 wk of egg production.
Experiments and Data Analyses
Experiment 1. At 30 WOA, 10 hens were photostimulated with 24L. At 70 WOA, 10 hens were photostimualted with 24L. No hens were photostimulated with 14L:10D in this experiment.
Experiment 2. At 28 WOA, 16 hens were photostimulated with 24L, and 16 hens were photostimualted with 14L. At 41 WOA, 16 hens were photostimualted with 24L, and 16 hens were photostimulated with 14L.
Experiment 3. At 31 WOA, 16 hens were photostimulated with 24L, and 16 hens were photostimualted with 14L. At 41 WOA, 16 hens were photostimualted with 24L, and 16 hens were photostimulated with 14L.
Experiment 4. At 26 WOA, 16 hens were photostimulated with 24L, and 16 hens were photostimualted with 14L. At 34 WOA, 16 hens were photostimualted with 24L, and 15 hens were photostimulated with 14L. At 48 WOA, 13 hens were photostimulated with 24L, and 13 hens were photostimulated with 14L.
Data Analysis. The incidences of the POF-PCOF syndrome were compared statistically between lighting treatments (24L and 14L) within experiment and age using Chi-squared test not valid.
chi-squared analyses. Age at photostimulation within experiment and lighting treatment were compared statistically using chi-squared analyses. These statistical analyses were conducted using the MINITAB (Release 13.1) statistical package for personal computers.
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RESULTS
Experiment 1
All hens became sexually mature (laid at least 1 egg) in this experiment. The incidence (Table 1) of the POF-PCOF syndrome for hens photostimulated at 30 WOA was greater than for hens photostimulated at 70 WOA (50 and 0%, respectively).
Experiment 2
In the 28 WOA group, the incidence (Table 1) of the POF-PCOF syndrome was not higher for hens photostimulated with 24L than for hens photostimulated with 14L (56 and 25%, respectively). In the 41 WOA group, the incidence of the POF-PCOF syndrome was not different between hens photostimulated with 24L or 14L (19 and 12%, respectively). In the 24L lighting treatment, the incidence of the POF-PCOF syndrome was higher for hens photostimulated at 28 WOA than for those photostimulated at 41 WOA (56 and 19%, respectively) . In the 14L lighting treatment, the incidence of the POF-PCOF syndrome was not different between hens photostimulated at 28 WOA or at 41 WOA (25 and 12%, respectively). 3 www.minitab.com.
Experiment 3
In the 31 WOA group, 1 laying hen photostimulated with 24L died after laying for 3 wk and was removed from the experimant. In the 31 WOA group, the incidence (Table 1) of the POF-PCOF syndrome was not different between hens photostimulated with 24L or 14L (20 and 12%, respectively). In the 41 WOA group, the incidence of the POF-PCOF syndrome was not different between hens photostimulated with 24L or 14L (12 and 0%, respectively). In the 24L lighting treatment, the incidence of the POF-PCOF syndrome was not different between hens photostimulated at 31 or 41 WOA (20 and 12%, respectively). In the 14L lighting treatment, the incidence of the POF-PCOF syndrome was not different between the hens photostimulated at 31 or 41 WOA (12 and 0%, respectively).
Experiment 4
In the 26 WOA group, 1 hen photostimulated with 24L:0D never achieved sexual maturity and was removed from the study. In the 26 WOA group, the incidence (Table 1) of the POF-PCOF syndrome was higher in hens photostimulated with 24L than in those photostimulated with 14L (80 and 31%, respectively). In the 34 WOA group, the incidence of the POF-PCOF syndrome was not different between hens photostimulated with 24L or 14L (6 and 7%, respectively). In the 48 WOA group, the incidence of the POF-PCOF syndrome was not different between hens photostimulated with 24L or 14L (0 and 0%, respectively). In the 24L treatment, the incidence of the POF-PCOF syndrome was different between the hens photostimulated at 26 or 34 WOA (80 and 6%, respectively) and between hens photostimulated at 26 or 48 WOA (80 and 0%, respectively). In the 14L treatment, the incidence of the POF-PCOF syndrome was not different between hens photostimulated at 26 or 34 WOA (31 and 7%, respectively), but the hens photostimulated at 26 WOA had a higher incidence of the POF-PCOF syndrome than those photostimulated at 48 WOA. In both lighting treatments, the incidence of the POF-PCOF syndrome was not different between hens photostimulated at 34 or 48 WOA.
DISCUSSION
An arrest in egg laying early in the reproduction period that is associated with a POF-PCOF syndrome has recently been described in Egg line turkey hens (Liu et al., 2001b) . In this previous report, photosensitive Egg line turkey hens were photostimulated at 30 wk of age, which is 14 wk earlier than during selection of the Egg line hens (Liu et al., 2001b) , and with constant lighting rather than 14L diurnal lighting used during selection (Nestor et al., 1996) . To the authors' knowledge, the POF-PCOF syndrome had not been previously reported in turkeys. The experiments described here were conducted to examine the effects of 1) age at photostimulation, and 2) photostimulation with 24L constant light in comparison to diurnal light of 14L on the incidence of the POF-PCOF syndrome.
Age at photostimulation was found to be an important variable in determining the incidence of the POF-PCOF syndrome. The highest incidence of the syndrome was found in the hens photostimulated at 26 WOA and was present in the 24L and 14L groups. The incidence of the syndrome was found to be higher in hens photostimulated with 24L than 14L at 26 WOA. The incidence of the syndrome declined with age until 31 WOA when it was low, and no further change was noted up to 70 WOA in the 24L and 14L groups. Thus, photostimulation at a relatively early age, earlier than usually practiced in commercial production of turkey hatching eggs, was associated with a higher incidence of the syndrome in comparison to photostimulation after 31 WOA. Also, photostimulation with 24L lighting was associated with a higher incidence of the syndrome than photostimulation with diurnal lighting of 14L.
Photostimulation of commercial-type turkey hens at relatively early ages (< 30 WOA) usually has a negative effect on reproductive performance, including a decreased rate of egg production (Siopes, 1992; Applegate and Lilburn, 1998) and early small egg size (Applegate and Lilburn, 1998; Yang et al., 1999) . Commercial type turkey hens have not been examined for presentation of the POF-PCOF syndrome or for its incidence if present. Thus, whether this syndrome is associated with the reported decrease in egg production in laying commercialtype turkey hens is presently unknown.
Plasma hormone concentrations were also reported to be different in arrested laying POF-PCOF hens than in laying hens (Liu et al., 2001b) . In comparison to laying hens, plasma luteinizing hormone (LH) concentrations were relatively low in the POF-PCOF hens and without preovulatory surges. Plasma progesterone was relatively high and without preovulatory surges in some of the POF-PCOF hens, but in other POF-PCOF hens progesterone was relatively low and without preovulatory surges. Plasma estradiol was not different between the POF-PCOF and normal laying hens (Liu et al., 2001b) . No hormone measurements were made in the present experiments. It has been reported, however, that as hens approach puberty and in association with follicles attaining F 1 status in the ovary, plasma progesterone concentrations increase, and the baseline concentration (the concentration of progesterone between preovulatory surges) of progesterone increases for several days after puberty (Bacon et al, 2002) . Liu et al. (2001b) suggested that the arrest in laying in POF-PCOPF hens may be due to constant high concentrations of progesterone blocking preovulatory surges of luteinizing hormone necessary for ovulation while not blocking normal secretion of estradiol, which is mainly controlled by plasma follicle-stimulating hormone. Hormonal relationships with folliclestimulating hormone remain to be examined, however, in POF-PCOF arrested laying turkey hens.
